SUMMARY The possibility that malabsorbed fat passing through the human ileum exerts an inhibitory feedback control on jejunal motility has been investigated in 24 normal subjects by perfusing the ileum with a fat containing solution designed to produce ileal luminal fat concentrations similar to those in steatorrhoea (30-40 mg/ml). Mean transit times through a 30 cm saline perfused jejunal segment were measured by a dye dilution technique. Thirty minutes after ileal fat perfusion, mean transit times rose markedly to 18 9±2 5 minutes from a control value of 7*5±0-9 minutes (n=5; p<005). This was associated with an increase in volume of the perfused segment which rose to 17541±229 ml (control 976±103 ml, n=5; p<005). Transit times and segmental volumes had returned towards basal values 90 minutes after completing the fat perfusion. Further studies showed that ileal fat perfusion produced a pronounced inhibition of jejunal pressure wave activity, percentage duration of activity falling from a control level of 40 3±5 0% to 14 9±2 8% in the hour after ileal perfusion (p<001). Ileal fat perfusion was associated with marked rises in plasma enteroglucagon and neurotensin, the peak values (218±37 and 68±13 1 pmol/l) being comparable with those observed postprandially in coeliac disease. These observations show the existence in man of an inhibitory intestinal control mechanism, whereby ileal fat perfusion inhibits jejunal motility and delays caudal transit of jejunal contents.
described the association between steatorrhoea and small bowel hypomotility. Although others have subsequently confirmed these findings using radiological,23 manometric,4 and breath hydrogen techniques, the physiological basis of the motility changes remains obscure. One obvious difference between patients with steatorrhoea and normal subjects is that in health most ingested fat is absorbed proximal to the ileum6 whereas in steatorrhoea a considerable amount of fat passes further distally. This difference led us to postulate that malabsorbed fat reaching the ileum and colon inhibits jejunal motility thereby delaying subsequent caudad transit of jejunal contents. The present study was designed to test the above hypothesis by using an ileal infusion of partially digested triglyceride to simulate steatorrhoea in normal subjects. The response has been assessed initially by measuring Address for correspondecice Dr 15 healthy volunteers (seven men and eight women, aged [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] years) were intubated with a purpose built 5 lumen radio opaque tube (external diameter 6-5 mm). The tube was positioned under fluoroscopic control so that the jejunal perfusion port A lay 10 cm beyond the duodeno-jejunal flexure, while the ileal perfusion port C, lay a further 70 cm distally, approximately 175 cm from the mouth ( tube assembly through the small intestine was speeded by means of a deflatable terminal balloon. Intestinal fluid was sampled via port B, rapid aspiration being aided by an air bleed. Throughout the study the jejunum was perfused via port A at 10 ml/min with an isotonic solution containing NaCl 155 mM, xylose 5 Fat+glucose solution § * 155 mM NaCI, 150 ml; t 150 mM NaCI, 150 ml; : 10 g fat (Lipofundin), 150 ml; § 10 g fat (Lipofundin)+20 g glucose, 250 ml. Solutions tt § were incubated at 37'C for two hours with Na taurocholate 5 mM and pancreatin 5 g/l. NaCl was added to the fat solutions to activate the pancreatin. The second fat containing solution tested was similar to the first, but contained in addition 100 ml of 20% glucose, the final volume being 250 ml, osmolality 610 mosmol.
EXPERIMENTS I6-24-JEJUNAL MANOMETRIC STUDIES
Experiments 16, 17: effect of partially digested fat Throughout these experiments the jejunum was perfused as before at 10 ml/min via P1 with the xylose saline solution already described. After a one hour control period saline I was perfused into the ileum and jejunal pressure wave activity was recorded for one hour. The ileum was then perfused with a fat solution of the same composition as that used in experiments 6-10 and jejunal activity recorded for two hours. While these two studies showed that ileal fat clearly inhibited jejunal activity, the relevance of these findings to postprandial small bowel motility was open to doubt as no nutrients were present in the jejunum. In the subsequent experiments (18-24) therefore the jejunum was perfused with a mixed nutrient solution throughout the study.
Experiments 18-24: effect ofpartially digested ileal fat in the presence ofjejunal nutrients The saline control and fat containing test solutions used in these experiments were of identical composition to those used in experiments 6-10 and were perfused in random order while the jejunum was perfused throughout at 2 ml/min via P1, with a fat free nutrient solution (0.5 cal/ml). This contained partially hydrolysed corn starch, 87 g/l (Caloreen, Roussel, UK) milk protein 40 g/l (Casilan, Farley Health Products, England) and was rendered isotonic (290 mosmol) with NaCl 122 mM. Proximal reflux of the ileal perfusate was prevented by a saline perfusion at 5 ml/min via port J3, commencing 10 minutes before, and lasting throughout the ileal perfusion via P2.
All subjects gave informed consent to the procedures which were approved by the Brent Health District Ethical Committee.
ANALYSIS AND CALCULATIONS
Intestinal fluid was collected over ice and stored at -20°C before assay for Na+, K+, bilirubin,' amylase, 11 PEG, 12 and BSP,9 using standard methods. Free fatty acids in the fat emulsion were assayed by titration with 0U1N NaOH after acidification and ether extraction. Intestinal flow was calculated from the infusion rate and changes in PEG concentrations using standard steady state formulae,13 and segmental volumes were calculated from the dye dilution curves as described by Zierler. 14 The coefficient of variation of four repeated measurements averaged 15-9% for transit times and 15-3% for segmental volumes in the five control subjects. This variability reflects not only measurement errors but also the spontaneous variability of intestinal motor activity. Osmolality was measured by freezing point depression using an Advanced Osmometer (Advanced Instruments, USA).
HORMONE ASSAY Blood was taken via an indwelling intravenous cannula into chilled heparinised tubes to which 4000 Kallikrein Inactivating Units of Aprotinin (Trasylol, Bayer, West Germany) had been added to prevent proteolysis. Plasma was then rapidly separated by centrifugation and stored at -20°C before assay in a single batch.
Enteroglucagon and neurotensin were measured using previously described radioimmunoassays '5-17 with the following modification to the neurotensin assay. The neurotensin antiserum was obtained from a rabbit immunised with synthetic bovine neurotensin, conjugated with bidiazotised benzidine to bovine serum albumin, and injected in Freund's adjuvant. The antiserum was directed to the Cterminal region of the molecule and was used in a final titre of 1:80 000. 1251-neurotensin label was prepared by the chloramine T method18 and purified by ion exchange chromatography. 19 The specific activity of the l51-neurotensin was 65 Bq/fmol and the detection limit of the assay was 0*4 fmol/tube.
ANALYSIS OF PRESSURE RECORDS
The percentage duration of pressure activity was measured manually by two independent observers, one of whom was unaware of the solution being tested. Isolated pressure spikes and those of < 10 cm water pressure were ignored. Interscorer correlation was excellent (n=54, r=0.97) and the coefficient of variation of repeated measurement was 6.0% (n=54 (Table 3) . Addition of glucose 20 g to the fat solution did not significantly alter its effect when perfused into the ileum, transit times being significantly increased at 30 minutes, returning towards normal at 90 minutes ( Fig. 3b ; Table 2 ). Associated segmental volumes again rose significantly at 30 minutes but by 90 minutes the differences from control were no longer significant (Table 3) . Intestinal flow calculated from PEG dilution was stable in experiments 1-5, nor did it change significantly in experiments 6-15, being 11-2±0-9 ml/min after ileal fat, compared with a control value of 
Discussion
The present results show that when fat was infused into the normal ileum there was inhibition of jejunal pressure wave activity, dilatation of the jejunal lumen and delay in the caudad transit of jejunal contents. These motility changes appeared independent of jejunal contents, being found during perfusion of the jejunum with either a nutrient solution or with normal saline. Inhibiton of motility was produced with an ileal perfusate containing fat at a concentration of 10 g in 150 ml. Taking into account dilution by the 200 ml of saline perfused more proximally, the estimated ileal luminal fat concentration lay between 30 and 40 mg/ml depending on the rate of water absorption by the 35 cm segment BC. The assumption that no water was absorbed yields an estimated ileal luminal fat concentration of 30 mg/ml. On the other hand, 40 mg/ml corresponds to absorption of 100 ml per 30 Fig. 4 Manometric tracing illustrating inhibition of pressure wave activity after ileal fat perfusion in experiment 24 
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